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(54) Coding device and method, decoding device and method and systems using them 

(57) The decoding method to which the present in- 
vention relates takes into account: 



at least one predetermined polynomial, and 
a received sequence r capable of being the result 
of the coding of a sequence of information symbols 
of polynomial representation u(x) representing a 
physical quantity, the coding including a turbocod- 
ing, and guaranteeing the divisibility of a sequence 
to be turbocoded, a(x) representing the sequence 
u(x), by each predetermined polynomial, 



This method includes: 

an operation of turbodecoding (601) the received 
sequence r into an estimated sequence a, 
at least one operation of calculating the remainder 
(602, 606) of the division of the polynomial repre- 
sentation i(x) of the estimated sequence i, by a 
said predetermined polynomial. 
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Description 

[0001 ] The present invention concerns a coding device, a coding method, a decoding device and method and systems 
using them. 

s [0002] It applies equally well to the coding of data representing a physical quantity, to the coding of data in the form 
of codes capable of modulating a physical quantity, to the decoding of data-modulated signals, and to the decoding of 
data representing physical quantities. These data can, for example, represent images, sounds, computer data, elec- 
trical quantities or stored data. 

[0003] The invention finds an application in the field of conventional codes. When the latter are used to implement 
10 an iterative decoding, these codes are greatly improved when their coders contain a permutation device. In this case, 
they are usually referred to as "turbocodes" and the corresponding iterative decoder is referred to as a "turbodecoder". 
For convenience: 

- the operation performed by the turbocoder is referred to as "turbocoding" and this operation provides a so-called 
*s "turbocoded" sequence, and 

the operation performed by the decoder is referred to as "turbodecoding" and this operation provides a so-called 
"turbodecoded" sequence. 

[0004] On these subjects, documents which serve as a reference are, on the one hand, the article by Messrs. C. 
20 BERROU, A. GLAVIEUX and R THITIMAJSHIMA entitled "Near Shannon limit error-correcting coding and decoding: 
turbocodes" published with the reports of the "ICC'93" conference, 1993, pages 1064 to 1070, and on the other hand, 
the article by Messrs. C. BERROU and A. GLAVIEUX entitled "Near Optimum error-correcting coding and decoding: 
turbo-codes' published by IEEE Transactions on Communication, Volume COM-44, pages 1261 to 1271, in October 
1996. 

25 [0005] However, the formation of permutation devices is far from being completely mastered. Certain of these devices 
use square or rectangular matrices which are written into one row after another and read from one column after another. 
These matrices are generally very large, for example 256 x 256 in size. 

[0006] A parallel turbocoder of efficiency equal to 1/3 can be considered as a pair of convolutional systematic recur- 
sive coders with divisor polynomials such that the first coder produces a check sequence from the sequence of symbols 

30 to be coded u and the second coder produces a check sequence from an interleaved sequence u* obtained by inter- 
leaving (or "permutation") of the sequence u. In this context, the simultaneous return to zero of the two coders is a 
classic problem. One way of solving it has been found by the inventors and is summarized below. 
[0007] With the aim of clarity, it will be assumed, subsequently, that the two divisor polynomials of the turbocoder 
are equal and referred to as g(x). Let m be the degree of the polynomial g(x) and let NO be the smallest integer such 

35 that g(x) is a divisor of the polynomial x^o + j. For reasons described below, a polynomial g(x) is chosen having no 
'divisor which is the square of a polynomial of degree equal to or greater than 1, and this leads to NO being an odd 
number. 

[0008] Also let n be an odd multiple of NO: n = M NO. 

[0009] A sequence of symbols,^, then has a polynomial representation u(x), of degree n-m-1, with binary coefficients, 
40 and this polynomial u (x) is precoded into: 

a(x) = u(x) + i: hn . mt0fh1 ape 1 

45 where the m binary symbols a,are chosen in such a way that a(x) is a multiple of g(x). As a consequence of this 

precoding and the chosen values of the parameters, if a(x) is a multiple of g(x), then a*(x) = afx 6 ) modulo x°+1 is also 
a multiple of g(x) for any value of e which is a power of 2. 

[0010] In the remainder of the description, the permutation and interleaver type described above is referred to as *x 
to x°\ 

so [0011] Here, it is necessary to consider that g(x) has no multiple factor since, in general, a*(x) is guaranteed to be 
divisible only by the irreducible factors of g(x). 

[0012] The coded version of u is then given by v=[a, ah/g, a'h^g], where all the components are polynomials, and 
where, in particular, a*hjg is also a polynomial, by virtue of the definition of a* and the choice of e as a power of 2. 
[001 3] With general turbocodes, the decoding is essentially an iterative procedure (on this subject see the document 
55 by Messrs. BERROU and GLAVIEUX, "Near optimum error-correcting and decoding: turbocodes", IEEE Trans. On 
Comm., Vol. COM-44, pages 1261 to 1271, October 1996). 

[0014] The document by J. ANDERSEN is known, "Turbocoding for deep space applications', proceedings IEEE 
1995, International Symposium on Information Theory, Whistler, Canada, September 1995, in which a BCH code is 
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used for correcting the residual errors. However, this solution has a fairly limited effectiveness in terms of residual error 
bit correction. The inventors observed that this last remark was particularly true in the case of the use of °x to x 6 " type 
interleavers. 

[0015] The present invention aims to remedy these drawbacks. To this end, the present invention relates, according 
to a first aspect, to a method of coding a sequence of information symbols of polynomial representation u(x), including: 

a turbocoding operation, and 

- an operation of transmitting, on a transmission channel, the sequence resulting from the turbocoding operation, 

characterised in that it also includes, as a preliminary to the said turbocoding operation, at least one preceding 
operation during which there are added, to the said sequence u(x) t redundant symbols which guarantee the divisibility 
of the precoded sequence by at least one predetermined polynomial which is: 

a non-trivial multiple of the divisor polynomial used by the coder of the said turbocoder, a coder which acts on the 
precoded sequence, and 

which is among the polynomials which have a high probability of dividing the polynomial representing a transmission 
error on the said channel. 

[0016] The present invention relates, according to a second aspect, to a decoding method, characterised in that it 
takes into account: 

at least one predetermined polynomial, and 

a received sequence /capable of being the result of the coding of a sequence of information symbols of polynomial 
representation u(x) representing a physical quantity, the coding including a turbocoding, and guaranteeing the 
divisibility of a sequence to be turbocoded, a(x) representing the sequence u(x), by each predetermined polynomial, 

and in that it includes: 

an operation of turbodecoding the received sequence r into an estimated sequence a, 

at least one operation of calculating the remainder of the division of the polynomial representation a(x) of the 
estimated sequence £, by a said predetermined polynomial. 

[0017] The inventors, in fact, observed that the residual errors have, in the case described above fx to x*"), a par- 
ticular structure as far as the iterations of the decoder are continued until their result stabilizes. This particular structure 
makes them, generally, divisible by one or more predetermined polynomials. 

[0018] The present invention aims to make use of this observation by proposing a method for detection or correction 
of these residual errors which is well adapted to the coding scheme described above. 

[0019] By virtue of the provisions of the present invention, the processing (detection or correction) of residual errors, 
after turbodecoding, can be performed, on the one hand, on the received sequence and, on the other hand, on the 
sequence resulting from the division operation. The implementation of the method of the present invention is therefore 
particularly simple. 

[0020] For example, the information sequence u(x) is precoded into a polynomial a(x) = u(x) -f ^i =n ^n ton ^ a^, so 

that the sequence a(x) is a multiple, not only of the divisor polynomial of the turbocode, but also of other predetermined 

polynomials and of a generator polynomial denoted by q(x)o\ a binary BCH code, or more generally of a binary cyclic 

code, in length at least equal to n, and correcting s errors, where s is for example chosen equal to four. 

[0021] This particular precoding necessitates a value of m higher than the degree of g(x). Consequently, at fixed n, 

the degree n-m-1 of the polynomials u(x) representing the information is reduced in an adapted manner. By virtue of 

these provisions, processing for detection or correction of residual errors after turbodecoding can be performed, not 

only on the turbodecoded sequence, denoted by a, but also on the sequence or sequences obtained by dividing J by 

each of the said predetermined polynomials, each time this division is possible with no remainder. 

[0022] After having been decoded into a word of the BCH code under consideration, each of the said sequences is 

multiplied by the predetermined polynomial corresponding to it. 

[0023] Thus, the sequences resulting from the multiplication operation can be compared in order to determine the 
final estimate of the information sequence transmitted. 

[0024] The advantage of this method is that, if the predetermined polynomials are well chosen, the residual error 
after turbodecoding is often divisible by one or more of these predetermined polynomials, and that, for at least one of 
these predetermined polynomials, the weight of the error after division is smaller than it was before division. 
[0025] Thus, the residual errors after turbodecoding can be corrected although initially their weight is too high to 
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allow correction by the BCH code or, more generally, by the cyclic code. 

[0026] It should be noted here that the decoding method in accordance with the present invention can operate in 
relation with coding methods of the prior art, and, in particular, with those which use so-called "padding 1 operations 
which guarantee the divisibility of a sequence to be turbocoded by a divisor polynomial of the said turbocoder 
s [0027] According to particular characteristics, during an operation of calculating the remainder of the division of the 
polynomial representation of the estimated sequence a, the predetermined polynomial is a divisor polynomial of a 
coder of the said turbocoder, a coder which acts on the sequence a(x). 

[0028] By virtue of these provisions, the effect of the invention is obtained, at least partially, without supplementary 
addition of redundancy to the information sequence to be transmitted. 
10 [0029] According to other particular characteristics, the decoding method as briefly described above includes an 
error detection operation during which: 

it is determined whether or not the remainder from the said division remainder calculation operation is null, and, 
where this remainder is not null, an error is detected. 

15 

[0030] By virtue of these provisions, the error detection is particularly easy 

[0031] The present invention relates, according to a third aspect, to a decoding device, characterised in that it has 
a processing means adapted: 

20 A/ to take into account: 

at least one predetermined polynomial, and 
- a received sequence r capable of being the result of the coding of a sequence of information symbols of 
polynomial representation u(x) representing a physical quantity, the coding including a turbocoding, and guar- 
25 anteeing the divisibility of a sequence to be turbocoded, a(x) representing the sequence u(x), by each prede- 

termined polynomial, and 

B/ to turbodecode the received sequence r into an estimated sequence a, and 

01 to calculate the remainder of the division of the polynomial representation a(x) of the estimated sequence a, by 
30 each said predetermined polynomial. 

[0032] The present invention relates, according to a fourth aspect, to a device for coding a sequence of information 
symbols of polynomial representation u(x), having: 

35 - a processing means adapted to turbocode, and * 

a means of transmitting, on a transmission channel, the sequence resulting from the turbocoding, 

characterised in that the processing means is adapted, as a preliminary to the turbocoding, to precode the said 
sequence u(x), adding redundant symbols thereto which guarantee the divisibility of the precoded sequence by at least 
to one predetermined polynomial which is: 

a non-trivial multiple of the divisor polynomial used by the coder of the said turbocoder, a coder which acts on the 
precoded sequence, and 

which is among the polynomials which have a high probability of dividing the polynomial representing a transmission 
45 error on the said channel. 

[0033] The invention also relates to: 

an information storage means readable by a computer or a microprocessor storing instructions of a computer 
so program, characterised in that it allows the implementation of the method of the invention as briefly described 

above, and 

- an information storage means which is removable, partially or totally, and readable by a computer or a microproc- 
essor storing instructions of a computer program, characterised in that it allows the implementation of the method 
of the invention as briefly described above. 

55 

[0034] The invention also relates to: 

a device for receiving transmitted data having a receiver adapted to use a packet transmission protocol, which 
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has a decoding device as briefly described above; 

- a device for receiving transmitted data having a receiver adapted to use the ATM ("Asynchronous Transfer Mode") 
packet transmission protocol, which has a decoding device as briefly described above; 

a device for receiving transmitted data having a receiver adapted to use the packet transmission protocol, on an 
s ETHERNET (registered trade mark) type network, which has a decoding device as briefly described above; 

a. network station, which has a decoding device as briefly described above; 

- a device for receiving transmitted data having a receiver for signals transmitted on a wireless channel, which has 
a decoding device as briefly described above; 

- a data transmission device having a transmitter adapted to use a packet transmission protocol, which has a coding 
10 device as briefly described above; 

- a data transmission device having a transmitter adapted to use the ATM ("Asynchronous Transfer Mode") packet 
transmission protocol, which has a coding device as briefly described above; 

a data transmission device having a transmitter adapted to use a packet transmission protocol, on an ETHERNET 
(registered trade mark) type network, which has a coding device as briefly described above; 
15 - a device for transmitting data of any type including notably speech, image or multimedia type data, having a trans- 
mitter of signals transmitted on a wireless channel, which has a coding device as briefly described above. 

[0035] This decoding device, this coding device, these storage means, these data receiving devices, these data 
transmission devices and this network having the same particular characteristics and the same advantages as the 
20 coding method as briefly described above, these particular characteristics and these advantages are not repeated here. 
[0036] The invention will be better understood from a reading of the description which follows, produced with refer- 
ence to the accompanying drawings in which: 

Figure 1 depicts, schematically, an electronic device incorporating a coder in accordance with the present invention; 
25 Figure 2 depicts, in block diagram form, a turbocoding device corresponding to a parallel convolutional turbocode 

in accordance with the present invention; 

Figure 3 depicts, schematically, an electronic device incorporating a decoder in accordance with the present in- 
vention; 

Figure 4depicts, in block diagram form, a turbodecoding device corresponding to a parallel convolutional turbocode 
30 in accordance with the present invention; 

Figure 5 depicts, schematically, a flow diagram of the operation of a coder as illustrated in Figure 1; 

Figure 6 depicts, schematically, a flow diagram of the decoding and error correction in accordance with the present 

invention, implemented by the decoding device illustrated in Figure 3; 

Figure 7 depicts, schematically, a coder in accordance with a variant of the present invention; 
35 Figure 8 depicts a turbocoder corresponding to a hybrid convolutional turbocode in accordance with the present 

invention; 

Figure 9 depicts, schematically, a flow diagram of the decoding and error detection in accordance with the present 
invention, implemented by the decoding device illustrated in Figure 3; and 

Figure 10 depicts a general functional block diagram of a system using one of the algorithms described with ref- 
40 erence to Figures 6 and 9. 

[0037] In the description which follows, the first check sequence will always be obtained from non-interleaved infor- 
mation sequences, although the scope of the invention also covers the general case in which all the sequences resulting 
from the coding have been subjected to interleaving. 
45 [0038] Before describing a particular embodiment of the present invention, a mathematical presentation of its oper- 
ation is given below. 

[0039] By way of example, the choice is made of performing the error correction for an "x to x* type turbocode, 
specified by: 

50 4 

g(x) = 1 + x + x , (which leads to A/0=15), 

2 4 

h 1 (x) = 1 +x + x +x , 

55 

h 2 (x) = 1 + x 3 + x 4 , 
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M = 27, (which leads to n=MVO=405), and 
e=151. 

5 

[0040] With these conventions, the number of binary symbols contained in a frame is equal to 3 x 405 = 1215 and 
each frame results from the coding of 401 binary symbols u h referred to as information symbols. 
[0041] This example was simulated with a channel with Additive White Gaussian Noise ("AWGN - ) for a number of 
recurrent decoding steps limited to 7. This simulation was performed until thirty erroneous frames were obtained. After 
10 these seven iterations, the frame error probability was around 3 x Ifr 4 . These erroneous frames were then reanalyzed, 
allowing the decoder to implement up to 40 recurrent steps. Under these conditions it was noticed that, for all these 
frames, the decoding decision always finished by stabilizing. 

[0042] For this, only 9 frames required more than 8 iterations, and the frame slowest to stabilize required 1 8 iterations. 
After stabilization, 15 frames among the 100,939 tested contained errors. 

15 [0043] It is the characteristics of these errors which are now going to be given. Therefore let a(x) be the sequence 
resulting from the precoding of an information item u(x). This is of the form a(x) = Zi =0tO 404 a fl- Also let a(x) be the 
estimate of a(x) obtained after decoding of the received frame. This is of the form a(x) = ^i =0tO 404 
[0044] Finally let y(x) = I /W£ > t0 404 ypd be defined as being the sequence of the errors y h each of these being defined 
as the sum modulo 2 of a,- and : y f = a,- + & u y(x) = a(x) + £(x) where + therefore designates addition modulo 2. 

20 [0045] This sequence y(x) is referred to as the error sequence corresponding to the transmission of a(x) and the 
decoding of the received sequence into an estimate a(x)o\ a(x). 

[0046] In Table 1 , there appears a list of the 1 5 residual errors mentioned above and given in partially factorized form. 
[0047] The meaning of the data in this Table 1 is as follows. In the first column there appears an arbitrary indexing 
/, going from 1 to 15, of the 15 residual errors. In the second column, one possible factorization of the error y(x) is 
25 given, using the convention that (l+x^+xf^XxP+x^+x^-hX^ is represented by (0, a, b)(c, d, e, f). Thus, for example, the 
notation (0, 2, 8) (5, 233, 241 , 300) refers to the error y(x) = (1 +x 2 +x 8 )(a 5 +x 233 +x 241 +x 300 ) affecting the estimate a(x) 
= a(x) + y(x) of the precoded sequence a(x). 

[0048] In the third column, the Hamming weight of y(x), W(y), is given and in the fourth column, the Hamming weight 
W* of the factor of y(x) indexed by * is given, but only if this Hamming weight is smaller than the Hamming weight of y. 

30 



Table 1 





\y(x) 


W(y) 


W* 


1 


(0,1,4)(150, 327,386)* 


9 


3 


2 


(0, 1,4X84, 143, 312)* 


9 


3 


3 


(0, 1,4)(0, 1, 4)(24, 142, 150)* 


7 


3 


4 


(0, 1. 4)(32, 201,378)* 


9 


3 


5 


(0. 1,4X38, 97, 266)* 


9 


3 


6 


(0, 1,4)(0, 1,4X22, 73,81, 309)* x 


10 


4 


7 


(0, 1,4X0, 1,4X101, 109, 160, 219)* 


10 


4 


8 


(0, 1,4X0, 1,4X126, 303, 362)* 


9 


3 


9 


(0, 1, 4X0, 1, 4X160, 162, 164, 166, 170, 176, 292) 


7 




10 


(0, 1,4X150,209, 378)* 


9 


3 


11 


(0, 1, 4X0, 1, 4X5, 233, 241, 300)* 


10 


4 


12 


(0, 1, 4X49, 50, .... 87, 90, 269, .... 280) 


10 




13 


(0, 1, 4X0, 1, 4)(130, 248, 299, 307)* 


10 


4 


14 


(0, 1, 4)(0, 1, 3)(0, 1)(0, 1X143, 202, 371)* 


12 


3 


15 


(0, 1,4X79, 80, ...,90, 385, ..,397) 


7 





55 

[0049] It may be seen, in this Table 1, that the weight W* is less than or equal to 4 for 12 of the 15 residual errors, 
and that case 14 has a slightly different factorization from that of the other eleven cases where the weight W* is less 
than the weight W(y). 
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10 



15 



20 



25 



55 



[0050] On the basis of the elements described above, the inventors are proposing a concatenated coding method, 
of which here are the principles. 

[0051] The format of the information sequence is first reduced to 361 bits: 

U ( X ) = ^0to360 U i X '> 

and the precoding of u(x) into a(x) = u(x) + Z h361 10 404 apt is performed so as to make a(x) a multiple of 

(1+x+x 4 fm 1 (x)m 3 (x)m s (x)m 7 (x). 

with 

m 1 (x)= 1 +x +x , 

3 4 6 9 

m 3 (x)= 1 +x + x + x + x , 

...4 5 8 9 

m 5 (x)=1+x +x +x +x , 

,..34 79 

m 7 (x) = 1 +x +x +x +x , 



[0052] More generally, the precoding makes the polynomial a(x) a non-trivial multiple of g(x), non-trivial meaning 
that the polynomial a(x) is a multiple of the polynomial g(x) different from g(x). 

[0053] It should be noted that the product of these four polynomials is the generator polynomial of the BCH code of 
30 length 511 and size 475 correcting 4 errors. 

[0054] The turbocoding of the received sequence is performed in the usual way in order to produce an estimate a 0 
(x) of the sequence a(x). It should be noted on this subject that, in an ideal decoding procedure, it would be necessary, 
at this time, to perform sufficient iterations for the estimate a 0 (x)Xo be stabilized. 
[0055] There are then defined, if the following divisions are carried out exactly: 

35 

$ 1 (x) = £ 0 (xy(1+x+x4) 

40 a 2 (x)=a 0 (xy(1+x+x 4 f 

and there are decoded, if they exist, the words represented by itfx), arfx) and a^x), as being received words 
of the abbreviated BCH code mentioned above. Let b 0 (x), (x) and b 2 {x) be the decoded words corresponding to a$ 
(x), a^(x) and a 2 (x). 
45 [0056] There are then defined: 

a 0 (x)=b 0 (x) 

50 4 

a^x)=(Ux+x )b,(x) 



a 2 (x) = (1+x+x 4 ) 2 b 2 (x) 

[0057] These three sequences afx) are coded, by means of the turbocoder, respectively into Jq, \ y and and a(x) 
is estimated as being the Sfic) whose coded version t s is the most likely on the basis of the sequence actually received. 
[0058] More generally, to implement the present invention, the choice is made of a polynomial g(x) with binary co- 
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efficients with a non-null independent term and no multiple factor, the smallest integer NO such that g(x) divides (x^ 0 
+1 ) is calculated and an odd multiple n of NO, n = M NO, is chosen. 

[0059] Let q(x) be the generator polynomial of an abbreviated cyclic binary code of length n and correcting s errors, 
let p(x) be a multiple of g(x) divisible by one or more polynomials of low weight, themselves multiples of g(x). Let y (x) 
s = q(x)p(x). 

[0060] In the set explained above, the choice had been made of g(x) = 1 + x + x 4 , n = 405, s=4, p(x) =(g(x)f and q 
(x) = mrfx) m 3 (x) m s (x) mrfx). 

[0061] The degree of y (x) is denoted by dand this integer d must be strictly less than n and is generally much less 
than n in order not to reduce the overall efficiency of the code too much. The information is then represented in the 
10 form of a sequence of polynomials u(x) of formal degree n-d-1. 

[0062] Thus each elementary information "block" is represented by u(x) = w^' and it contains n-cf infor- 

mation bits u t 

[0063] u(x) is then extended in the form a(x) = u(x) + X tn to ^ a f x* by adding thereto d binary symbols a,- with the 
aim of making a(x) divisible by y (x). 
is [0064] Since the degree of y (x) is equal to d, the d binary symbols a,can be chosen uniquely to make a(x) divisible 
by y (x). 

[0065] This preceding of u(x) into a(x) then allows the transmission of y = [v v vj, the polynomial representation 
of which is [ a(x), a(x)h 1 {x)lg(x) % a(x e )/) 2 (x)/p(x) ] where e specifies the interteaver and is assumed to be equal to a 
power of 2 and where all the polynomial multiplication operations are performed modulo x"-1 . 
20 [0066] Let / be the received sequence corresponding to the transmission of y Its decoding is performed as follows. 
[0067] First of all an estimate §(x) of a(x) is obtained from / by the usual turbodecoding method. 
[0068] Then let P0= fp 7 (x), pj^x)) be the set of (so-called low weight) polynomials which are multiples of g(x)and 
divisors of p(x) which was mentioned above, and let Pbe the set of polynomials of PO supplemented by the polynomial 

25 [0069] Let / be the set of integers / between 0 and v and such that i(x) is divisible by p t (x). 

[0070] For any /in /,the polynomial b l {x) = £(x)f p&x) is first constructed and the word represented by 6,(x) is decoded 
as being a word received after transmission of a word of the abbreviated cyclic code of length n and of generator 
polynomial q(x). 

[0071] Let b?(x) be the version thus corrected of b,{x) and let a,{x) = p,{x) tf?(x). 
30 [0072] If no polynomial a p (x) with ie /is a multiple of y(x), a decoding error is detected. Otherwise for any polynomial 
a } (x) with / e/, which is a multiple of y (x), the following coded sequence is constructed: 

t. =[3^), a/x^ (xyg(x), a.(x e )h2(xyg(x)). 

35 

[0073] The final estimate of the sequence a(x) is then the sequence a/x) for which the transmission of J; is the most 
probable given the reception of/. Another estimate consists of choosing the sequence t } which maximizes the probability 
of receiving /when was transmitted. 

[0074] The description given above will be easily generalized to any interleaver preserving the divisibility by g(x) or 
40 also to any interleaver guaranteeing that if a(x) is divisible by g(x) then the polynomial obtained after interleaving of a 
(x) is divisible by another polynomial g\x). 

[0075] The inventors have determined the conditions where such an interleaver is possible, both where g'(x) is equal 
to g(x) and where g'(x) is different from g(x). For the case where g(x) = g'(x), the reference "Pseudorandom and Self- 
Terminating Interleaves for Turbo Codes'by Messrs. HATTORI, J. MURAYAMA and R. MC ELIECE in the reports of 
45 the Winter 1998 Information Theory Workshop, San Diego, California, 1998 can be consulted. 
[0076] The choice of the polynomial y(x) can be made using the following remarks. 

[0077] Let NO be the smallest integer such that g(x) is a divisor of x^+y. In this case, y(x) can be chosen as being 
a divisor of (xMO+ljgfx) multiplied by the generator polynomial of an abbreviated BCH code of length n and correcting 
t errors. The choice of the divisor of {xMO+ljgtx) and the value of t is made by persons skilled in the art on the basis of 
50 simulations. 

[0078] Another choice is to construct, on the basis of simulations, a list of the polynomials which appear often as 
divisors of the polynomial representing the error, for which the polynomial resulting from this division has a lower weight 
than the polynomial representing the error before division. The polynomial y(x) is then constructed as being the smallest 
common multiple of the polynomials in this list. 
55 [0079] In the situation described with reference to Table 1 , the choice y(x) = g(x) (1+xf (1+x+x 3 ) m^xjm^xjm^x) 
makes it possible to correct 8 of the 15 errors, namely those mentioned on rows 1, 2, 3, 4, 5, 8, 10 and 14. Similarly 
the choice y(x) = g(xf (1+x) 2 (1+x+x 3 ) m^xjmjfxjm^xjm^x) makes it possible to correct, in addition, the errors men- 
tioned on rows 6, 7, 11 and 13, and therefore leaves uncorrected only the errors in rows 9, 12 and 15. 
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[0080] A third choice is to construct p(x) as the smallest common multiple of the polynomials which are multiples ot 
g(x) of lower weight than a predetermined value, of degree lower than another predetermined value, and whose con- 
stant term is non-null. 

[0081] The choice of y(x) can depend on the channel and/or on its signal/noise ratio. An effective choice of y(x) 
s consists of defining it as the smallest common multiple of a number of ytfx), each adapted to a channel or to a signal/ 
noise ratio. 

[0082] The technical considerations described above are independent of the efficiency of the code and can, conse- 
quently, apply equally well to convolutional turbocodes of efficiency less than or equal to 1/3 and to convolutional 
turbocodes of efficiency greater than 1/3. 
w [0083] The description of a particular embodiment of the present invention will now continue with reference to Figures 
1 to 10. In this description, the transmission channel used is of the half -duplex type. However, persons skilled in the 
art can, without difficulty, implement the invention in the case of a full-duplex channel. 

[0084] Figure 1 illustrates schematically the composition of a network station or computer coding station, in block 
diagram form. This station has a keyboard 1 1 1 , a screen 1 09, an external information source 1 1 0 and a radio transmitter 
106, jointly connected to an input/output port 103 of a processing card 101 . 
[0085] The processing card 101 has, interconnected by an address and data bus 102: 

a central processing unit 100 ; 
a random access memory RAM 1 04 ; 
20 - a read-only memory ROM 105 ; 
the input/output port 103 ; 

[0086] Each of the elements illustrated in Figure 1 is well known to persons skilled in the art of microcomputers and 
transmission systems and, more generally, information processing systems. These common elements are therefore 
25 not described here. It should be noted, however, that: 

the information source 110 is, for example, an interface peripheral, a sensor, a demodulator, an external memory 
or another information processing system (not depicted), and is preferentially adapted to provide sequences of 
signals representing speech, service messages or multimedia data, in the form of sequences of binary data, 
30 - the radio transmitter 1 06 is adapted to use a packet transmission protocol on a wireless channel, and to transmit 
these packets on such a channel. 

[0087] It should be noted, moreover, that the word "register* used in the description designates, in each of the mem- 
ories 1 04 and 1 05, both a memory area of small capacity (a few binary data items) and a memory area of large capacity 
35 (allowing storage of a complete program). 

[0088] The random access memory 104 stores data, variables and intermediate processing results, in memory reg- 
isters having, in the description, the same names as the data whose values they store. The random access memory 
104 has notably: 

- a register " primary _data" in which are stored, in the order of their arrival on the bus 102, the binary data items 
coming from the information source 110, in the form of a sequence jy, next supplemented to form a sequence a, 
a register "no_of_dataJtems" which stores an integer number corresponding to the number of binary data items 
in the register "primary _daia" t 

- a register "permuted_data" in which are stored, in the order of their arrival on the bus 102, the permuted binary 
^5 data items, as described with reference to Figure 5, in the form of a sequence a*, 

- a register "a, b, c" in which are stored, in the order of their determination by the central unit 100, the binary data 
items of sequences in the course of processing, and 

a register V,, v 3 ° in which are stored the sequences to be transmitted. 

so [0089] The read-only memory 105 is adapted to store, in registers which, for convenience, have the same names 
as the data they store: 

- the operating program of the central processing unit 1 00, in a register "program", 
the sequence 5, in a register a gf, 

55 - the sequence £, in a register - p'. 

the degree m of g(x) and the degree d of y(x), in a register "degrees", 
the sequences m v m^ m 5 and m 7 , in a register m m v m^ m 7 ", 
the sequence h 1t in a register "/?/, 
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the sequence^, in a register m h£ t 
- the value of NO, in a register "NO", 
the value of M t in a register "/If, and 
the table defining the interleaver, in a register "interleaver". 

s 

[0090] The central processing unit 100 is adapted to implement the flow diagram described in Figure 5. 
[0091] As a variant, a part or the whole of the operating program of the central processing unit 100 may be stored 
in a removable storage medium, such as a floppy disk, a CD-ROM, a DVD, a memory card, or any other removable 
storage medium. 

10 [0092] It may be seen, in Figure 2, that a turbocoding device corresponding to a parallel convolutional turbocode, 
in accordance with the present invention, has essentially: 

an input of symbols to be coded 201 , where the information source 110 provides a sequence of binary symbols to 
be transmitted, or "to be coded", u, 
15 - a precoder 200 which provides, from the sequence a, a sequence a whose polynomial representation, a(x), is 
divisible by y(x) = (g(x))^m 1 (x)m 3 (x)mgx)m 7 (x) t 

a first coder 202 which provides, from the sequence a, two sequences v 7 and of symbols representing the 
sequence a, 

an interleaver 203 which provides, from the sequence a, an interleaved sequence a*, the symbols of which are 
20 the symbols of the sequence a, but in a different order, and 

a second coder 204 which provides, from the interleaved sequence a*, a third sequence, representing the 
sequence a. 

[0093] The three sequences y v y 2 and y 3 are transmitted in order to be next decoded. 
25 [0094] The remainder of the description is concerned preferably with "xto x*" type interleavers, although the present 
invention is not limited to this type of interleaver but concerns, more generally, all interleavers used in turbocodes and 
preferably those which, 

1/ from sequences a,- having: 

30 

a polynomial representation a { {x) which is a multiple of a polynomial g t (x), and 

a number of binary data items equal to the product of the integer number M and the integer NO, the smallest 
integer such that the polynomial x N0 ^ is divisible by each divisor polynomial g£x), 

55 2/produce so-called "permuted" sequences a { f, (/-1,...,K; /=1 ,...,M1), each sequence a- 

being obtained by a permutation of the corresponding sequence a h the said permutation being, in a represen- 
tation where the binary data items of each sequence a,- are written, row by row, into a table with NO columns 
and Mrows, the result of any number of so-called elementary permutations, each of which: 
40 - either has the property of transforming the cyclic code of length NO and of generator polynomial grfx) into an 

equivalent cyclic code of generator polynomial <^<x) which may be equal to gtfx), and acts by permutation on 
the NO columns of the table representing a,, 

or is any permutation of the symbols of a column of the said table; and 

having, in consequence, a polynomial representation Bf(x) which is equal to a polynomial product c^xjg^x), 

45 

at least one permuted sequence af being different from the corresponding sequence a p 
3/ so that elementary coders produce redundant sequences whose polynomial representation is equal to Z f i} {x) 
Cjjfx), for /=1 , .. .,M1, each polynomial f^x) being a polynomial of degree at most equal to the degree of the polynomial 
grfx) with the same indices / and / 

so 

[0095] These interleavers are said to "maintain divisibility". 

[0096] The first coder, 202, is a systematic coder, that is to say the sequence y, is identical to the sequence a. 
[0097] Finally, the turbocode uses, in each of the two elementary coders, a divisor polynomial g(x) which, on the one 
hand, is of "period N0 m , which means that NO is the smallest integer such that g(x) is a divisor of the polynomial x N0 + 
55 1, and, on the other hand, is of degree m. 

[0098] Figure 3 illustrates schematically the composition of a network station or computer coding station, in block 
diagram form. This station has a keyboard 311, a screen 309, an external information destination 310 and a radio 
receiver 306, jointly connected to an input/output port 303 of a processing card 301 . 
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[0099] The processing card 301 has, interconnected by an address and data bus 302: 

a central processing unit 300 ; 
a random access memory RAM 304 ; 
s - a read-only memory ROM 305 ; and 

- the input/output port 303. 

[0100] Each of the elements illustrated in Figure 3 is well known to persons skilled in the art of microcomputers and 
transmission systems and, more generally, information processing systems. These common elements are therefore 
10 not described here. It should be noted, however, that: 

the information destination 310 is, for example, an interface peripheral, a display, a modulator, an external memory 
or another information processing system (not depicted), and is preferably adapted to receive sequences of signals 
representing speech, sen/ice messages or multimedia data, in the form of sequences of binary data, 
15 - the radio receiver 306 is adapted to use a packet transmission protocol on a wireless channel, and to receive these 
packets on such a channel. 

[0101] It should be noted, moreover, that the word "register" used in the description designates, in each of the mem- 
ories 304 and 305, both a memory area of small capacity (a few binary data items) and a memory area of large capacity 
20 (allowing storage of a complete program). 

[0102] The random access memory 304 stores data, variables and intermediate processing results, in memory reg- 
isters having, in the description, the same names as the data whose values they store. The random access memory 
304 has notably: 

a register "received_data 0 in which are stored, in the order of their arrival on the bus 302, the binary data items 
coming from the transmission channel, in the form of a sequence, and 

a register "a, a? a t , a, b b t { , * in which are stored sequences whose meaning is described below, with reference to 
Figure 6. 

30 [0103] The read-only memory 305 is adapted to store, in registers which, for convenience, have the same names 
as the data they store: 

- the operating program of the central processing unit 300, in a register "program", 
the sequence <g, in a register "3", 

35 - the sequences m p m 5 and m?, in a register *m v m 3 , m/, 

- the degree m of g(x) and the degree d of y(x), in a register "degrees" 
the sequence h p in a register % " 

- a register "p", in which are stored sequences p; whose meaning is described below, with reference to Figure 6, 
the sequence h 2 , in a register *h 2 *> 

40 - the value of NO, in a register "NO", 
the value of M, in a register "A/f, and 
the table defining the interleaver, in a register "interleaver". 

[0104] The central processing unit 300 is adapted to implement the flow diagram described in Figure 6. 
45 [0105] As a variant, a part or the whole of the operating program of the central processing unit 300 may be stored 
in a removable storage medium, such as a floppy disk, a CD-ROM, a DVD, a memory card, or any other removable 
storage medium. 

[0106] In Figure 4, it may be seen that a decoding device is essentially composed of: 

50 - three inputs 401 , 402 and 403 of sequences representing v 1t v^andy^, which, for convenience, are also denoted 
¥v I2 and 1$ the received sequence composed of these three sequences being denoted by r, 

- a first "soft input/output" decoder 404, corresponding to the coder 202 (Figure 2) and receiving the sequences^ 
and v 2 as well as an extrinsic information sequence jv 4 described later, provides an a posteriori estimation sequence 

55 - an interleaver 405, identical to the interleaver 203 used in the coder, which receives the sequence w 1f and inter- 
leaves it into a sequence^ 

a second soft input/output decoder 406, corresponding to the coder 204 and receiving the sequences w 2 and Y$> 
which provides, on the one hand, an extrinsic information sequence w 3 and, on the other hand, an estimated 
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sequence a\ 

a de-interleaver 408, the inverse of the interleaver 405, receiving the sequence a' and providing an estimated 
sequence &, on an output 409, 

a de-interleaver 407, the inverse of the interleaver 405, receiving the sequence w 3 and providing the sequence 
5 w 4 , and 

an output 41 0 of an estimated sequence £, at the output of the decoder 404. 

[0107] An estimated sequence a is taken into account only following a predetermined number of iterations (see the 
article "Near Shannon limit error-correcting coding and decoding: turbocodes" cited above). 

10 [0108] In the preferred embodiment (interleavers which maintain divisibility), the decoders 404 and 406 are initialized 
taking into account the fact that the coders 202 and 204 each have a null initial state and final state. 
[0109] In Figure 5, which depicts the operation of a coder such as illustrated in Figure 1 , it may be noted that, after 
an initialization operation 500, during which the registers of the random access memory 104 are initialized (no_of 
datajtems = m 0 m ), during an operation 501 , the central unit 1 00 waits to receive, and then receives a binary data item 

15 to be transmitted, positions it in the random access memory 104 in the register " primary jdata" and increments the 
counter n no joi datajtems*. 

[01 1 0] Next, during a test 502, the central unit 1 00 determines whether or not the integer number stored in the register 
"no_of datajtems" is equal to the product M. NO from which d is subtracted (M, NO and d being values stored in the 
read-only memory 105). 

20 [0111] When the result of the test 502 is negative, the operation 501 is reiterated. When the result of the test 502 is 
positive, during an operation 503, u(x) is extended in the form a(x) = u(x) + X /=3S f X o404 a P (i adding 44 binary data 
items a,- with the aim of making a(x) divisible by y(x) = (gfx^mrfxjm^xjmsfflmrfx), where m 1 (x) is the minimum pol- 
ynomial of a primitive element a of the Galois field GF(2?) and therefore has a degree equal to 9, and each other m t 
(x) is the minimum polynomial of an element a' and has a degree equal to 9, and g(x) is the polynomial 1 +X + X 4 . 

25 [0112] Since the degree of y(x) is equal to 44, the 44 binary data items can be selected in a one-to-one manner in 
order to obtain the property that a(x) is divisible by y(x). 

[0113] Next, during an operation 505, the central unit 100 performs the division of a(x) by g(x) and the resulting 
sequence b is stored in the register "a, b, cf. 

[01 1 4] Then, during an operation 506, the binary data items of the sequence a are successively read from the register 
30 £?' i?' £*> ' n the order described by the table "interleaver" stored in the read-only memory 105. The data which result 

successively from this readingare placed in memory in the register "permuted_data a ot the random access memory 104. 

[0115] Next, during an operation 507, the division is performed of the polynomial a *(x) associated with the sequence 

of permuted binary data items stored in the register "permuted_data", by the polynomial g(x). The result of this division 

is placed in memory in the register "a, b, c", and corresponds to the binary data items of the sequence c. 
35 [0116] During an operation 508, the sequences v 2 and v 3 are determined by performing respectively the product of 

the polynomials associated with the sequences b and c stored in the register "a, b, c" of the random access memory 

104, and the generator polynomials hrfx) and h 2 (x). 

[0117] During an operation 509, the sequences v 7 =a t \r 2t and v 3 are transmitted using, to that end, the transmitter 
106. Next, the registers of the memory 104 are again initialized, in particular the counter no_of datajtems is reset to 
40 n o B and the operation 501 is reiterated. 

[011 8] In a variant, during the operation 509, the sequence v 7 is transmitted in full, but only a subset, for example 
one data item out of two, of each of the sequences and v 3 is transmitted. This variant is known to persons skilled 
in the art by the name puncturing. 

[0119] Thus, according to one aspect of the present invention, the method of coding a sequence of information 
45 symbols of polynomial representation u(x), includes: 

a turbocoding operation (505 to 508), and 

an operation of transmitting (509), on a transmission channel, the sequence resulting from the turbocoding oper- 
ation, 

50 

and also includes, as a preliminary to the said turbocoding operation, at least one precoding operation (503) 
during which there are added, to the said sequence u(x), redundant symbols which guarantee the divisibility of the 
precoded sequence by at least one predetermined polynomial which is: 

55 - a non-trivial multiple of the divisor polynomial used by the coder of the said turbocoder, a coder which acts on the 
precoded sequence, and 

which is among the polynomials which have a high probability of dividing the polynomial representing a transmission 
error on the said channel. 



EP 1 017 176 A1 



[0120] Figure 6 gives a flow diagram of turbodecoding and error correction implemented by a device such as illus- 
trated in Figure 3. 

[0121] A received sequence r(x) is first turbodecoded according to techniques known to persons skilled in the art, 
during an operation 601 , using a predetermined number of iterations, for example equal to 7. 
s [0122] In this respect, it should be noted that, knowing the polynomials g(x), hrfx), h^x) and the interleaver which, 
from the sequence a, provide the permuted sequence a*, persons skilled in the art know how to, with no technical 
problem, implement the decoder adapted to the decoding and correction of errors affecting the triplet of sequences 
{v 1t v& us ' n 9 the interleaver considered above and, possibly, the corresponding de-interleaver. 
[0123] To that end, the following can be referred to: 

70 

- the article by Messrs. LR. BAHL, J. COCKE, F. JELINEK and J. RAVIV entitled "Optimal decoding of linear codes 
for minimizing symbol error rate", published in the journal IEEE Transactions on Information Theory, in March 1 974, 
which describes a so-called "BJCR" algorithm generally used in relation to turbocodes; 

- the article by Messrs. J. HAGENAUER, E. OFFER and L. PAPKE entitled "Iterative decoding of binary block and 
is convolutional codes" published in the journal IEEE Transactions on Information Theory, in March 1996; 

- the article by Messrs. J. HAGENAUER and P. HOEHER entitled "A Vtterbi algorithm with soft decision outputs and 
its applications", published with the reports of the IEEE GLOBECOM conference, pages 1680-1686, in November 
1989; 

- the article by Messrs. J. HAGENAUER, P. ROBERTSON and L. PAPKE entitled "Iterative (turbo)decoding ofsys- 
20 tematic convolutions codes with the MAP and SOVA algorithms", published by the journal Informationstechnische 

Gesellschaft (ITG) Fachbericht, pages 21 - 29, October 1994; and 

- the article by Messrs. C. BERROU, S. EVANO and G. BATTAIL, entitled "Turbo-block-codes" and published with 
the reports of the "Turbocoding" seminar organized by the Institute of Technology in Lund (Sweden) (Department 
of Applied Electronics) in August 1996. 

25 

[0124] The operation 601 thus provides: 

- an estimate J of the so-called "current" precoded sequence a, which results from the predetermined number of 
iterations, on one of the outputs 407 or 409 and 

30 - at least one so-called "previous" estimate of the precoded sequence a, which results from an intermediate decoding 
result. 

[0125] In the preferred embodiment (interleavers which maintain divisibility), the "previous" estimates are provided 
equally well on either of the outputs 407 or 409. On the other hand, when only one of the coders 202 or 204 has a 
35 guaranteed return to zero, that is to say when the final state of this coder is always null, it being considered that its 
initial state is null, the current estimate and each previous estimate originate preferentially from the output of the decoder 
corresponding to this coder. In each of these cases, the previous estimates are the latest which precede the current 
estimate. 

[0126] Next, during a test 602, the central unit 300 determines whether or not the polynomial representation a(x) of 
40 the estimate a is divisible by the generator polynomial g(x), by performing the division under consideration and deter- 
mining whether or not the remainder is null. 

[0127] When the result of the test 602 is negative, a decoding error is detected and it is here considered incapable 
of being corrected, and the processing of this error is performed during an operation 603 according to known methods. 
When the result of the test 602 is positive, during a test 604, the central unit 300 determines whether or not the turbo- 
45 decoding is stable, by comparing each previous estimate and the current estimate a. 

[0128] When these estimates are different, the result of the test 604 is negative and, during an operation 605, the 
processing of this error is performed (typically the degree of reliability of the sequence which will possibly result from 
the operation 608, below, is considered to be lower). 

[0129] When the result of the test 604 is positive or following the operation 605, during an operation 606, with: 

50 



P,=0 

2 
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a selection is made of the values of / between 0 and 2 for which d 7 = <§/p,-is a polynomial, and the said polynomials 
are stored. 

[0130] Next, during an operation 607, each of the selected sequences J, is subject to the BCH decoding associated 
with the BCH code mentioned above. The corrected sequences are denoted by b t 
s [0131] During an operation 608, the central unit 300 determines the sequences a,- whose polynomial representations 
satisfy the equations: 

a i (x) = b i (x)p j (x). 

10 

[0132] During an operation 609, the central unit 300 produces the encoded sequences tfic) = [a/xj, a t {x) hrfxygfx), 
ai(xe) h 2 (xyg(x)l 

[0133] During an operation 61 0, the sequences l t are compared with the received sequence r(x) and the sequence 
I //Closest to ris considered as the final estimate of the sequence \v p assigned a reliability coefficient which is: 

75 

proportional to the distance between the selected sequence t s and the sequence r, and 
lower if the result of the test 604 was negative than if it was positive. 

[0134] During an operation 611, the final estimate of the sequence a - a, is extracted from the sequence 4. 

20 [01 35] During an operation 61 2, the binaiy data items added during the precoding (operation 503) are removed from 
the finally estimated sequence a, in order to provide the sequence of transmitted data u which is transmitted to the 
information destination 310, with the reliability coefficient mentioned above. In a variant, the test 604 and the operation 
605 are eliminated. In a variant, no reliability coefficient is determined. In a variant, only the reliability coefficient resulting 
from the operation 605 is considered. 

25 [0136] Figure 7 gives an illustration of a coder carrying out this operation. In this figure, it may be seen that, for K 
sequences of symbols at the input, the coder transmits, at the output: 

these K sequences of symbols in an identical form, 

a sequence of check symbols formed by summing the products of the polynomials associated with the information 
sequences a/and predetermined polynomials fyand dividing this sum by a predetermined polynomial g (coder 701 ); 
a sequence of check symbols formed by first interleaving each information sequence a,- by means of an interleaver 
//maintaining divisibility by g (interleavers 702 to 705) in order to provide a sequence a *, then summing the products 
of the polynomials associated with the sequences a* and predetermined polynomials /jand dividing this sum by 
the said predetermined polynomial g (coder 706). 
35 

[01 37] In a variant, not depicted: 

- interleavers //are used which guarantee that, if a,- is divisible by g, then the polynomial obtained after interleaving 
of a/ is divisible by another predetermined polynomial g', and 
40 - the coder 706 uses, as the divisor polynomial, the said polynomial g\ 

[01 38] In Figure 8, it may be seen that, in accordance with the present invention, a hybrid turbocoder is composed of 

a precoder 801, which receives K sequences of symbols to be transmitted Uj and extends each Uj(x) in the form 
a/x) = u / x ) + Zj=36i to 404 a //X* b y adding 44 binary data items a,y with the aim of making afix) divisible by y(x) = (g 
(xtfmfflmrfxjmjxjmrfx); 

a first convolutional coder 802, which provides, from the K sequences a p K+M2 so-called "intermediate 1 sequences 
d p representing the sequences y h 

interleavers 803 r to 803^^ the interleaver 803y (for j between 1 and K+M2) providing, from the sequence d y M1 
so-called "permuted" interleaved sequences d jt (for / between 1 and M1) y the symbols of which are the symbols 
of the sequence dj, but in different orders; 

a second convolutional coder 804, which provides, from the (K+ M2f M1 interleaved sequences cf y7 , K+M1 + M2 
so-called "coded" sequences w, representing the K sequences a h 

interleavers 806 1 to 806 K , the interleaver 806/ (for / going from 1 to K) providing, from the sequences a b M3 so- 
called "permuted" interleaved sequences a? fj (for / going from 1 to M3), the symbols of which are the symbols of 
the sequence a b but in different orders, and 

a third convolutional coder 807, which provides, from the K* M3 interleaved sequences d ijt M3 so-called "coded" 
sequences w f representing the K sequences a t 



30 



50 
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[0139] In order to be better acquainted with serial or hybrid turbocodes, persons skilled in the art can refer to the 
articles "Serial concatenation of interleaved codes: Performance analysis, design and iterative decoding', BENEDET- 
TO, MONTORSI, (Univ. Politecnico di Torino, Italy), DIVSALAR, POLLARA, (JPL, USA), TDA progress report, 42-126, 
August 1996; and "Hybrid concatenated codes and iterative decoding', DIVSALAR, POLLARA, (JPL, USA), TDA 
s progress report, 42-130, August 1997, as regards serial or hybrid turbocoding. 

[01 40] The K + M1 +M2 + M3 coded sequences w t are encapsulated in radio frames and transmitted on a wireless 
transmission channel in order to be next decoded. 

[0141] Preferably, all the interleavers have the characteristics described with reference to Figure 2 (interleavers which 
maintain divisibility) and, more preferentially, are of the *x\o x* type. 
w [0142] In a preferred embodiment, the third coder, 807, is a systematic coder. 

[0143] For decoding the signals transmitted by the hybrid turbocoder illustrated with reference to Figure 8, it should 
be noted here that use is made of a turbodecoder using interleavers and de-interleavers having the same characteristics 
as the interleavers of the turbocoder. 

[0144] In the preferred embodiments (interleavers which maintain divisibility), the decoders are initialized taking into 
15 account the fact that the coders 802, 804 and 807 each have a null initial state and final state. 

[0145] Figure 9 gives a flow diagram of turbodecoding and error detection implemented by a device such as illus- 
trated in Figure 3. 

[0146] A received sequence r is first turbodecoded according to techniques known to persons skilled in the art, during 
an operation 901 , using a predetermined number of iterations, for example equal to 7. 
20 [0147] It should be noted here that, in the preferred embodiment (interleavers which maintain divisibility), the estimate 
resulting from the decoding is provided equally well on either of the outputs 407 or 409. On the other hand, when only 
one of the coders 202 or 204 has a guaranteed return to zero, the estimate to be processed originates from the output 
of the decoder corresponding to this coder. In each of these cases, previous estimates are provided as explained with 
reference to Figure 6. 

25 [0148] This operation provides an estimate a of the precoded sequence a. Next, during a test 902, the central unit 
300 determines whether or not the polynomial representation a(x) of the estimate a is divisible by the generator poly- 
nomial g(x) t by performing the division under consideration and determining whether or not the remainder is null. 
[0149] When the result of the test 902 is negative, a decoding error is detected and the processing of this error 
detection, of known type, is performed during an operation 903. When the result of the test 902 is positive, during a 

30 test 904, the central unit 300 determines whether or not the turbodecoding is stable, in a manner identical to the 
procedure carried out during the operation 604, Figure 6. 

[0150] When the result of the test 904 is negative, during an operation 905, a decoding error is detected and the 
processing of this error detection is performed. When the result of the test 904 is positive, during a test 906, the central 
unit 300 determines whether or not the polynomial representation £(x) of the sequence a is divisible by g(x)m 1 (x)m 3 
ss (xjmsWmrfx). 

[0151] In a variant, during an operation 503, u(x) is extended in the form a(x) = u(x) + a/f by adding binary data 
items a,- with the aim of making a(x) divisible by y(x)= h(x), where h(x) is any polynomial. In accordance with this variant, 
during the operation 906, the central unit 300 determines whether or not the polynomial representation £(x) of the 
sequence a is divisible by h(x). 

40 [0152] When the result of the test 906 is negative, during an operation 907, this error is processed, in a known 
manner. When the result of the test 906 is positive, the estimated sequence £ is considered as the final estimate of 
the precoded sequence a. During an operation 908, the binary data items added during the precoding (operation 503) 
are removed from the finally estimated sequence in order to provide the sequence of transmitted data u which is 
transmitted to the information destination 310. 

45 [01 53] In a variant, not depicted, particularly adapted to the case of the use of interleavers which maintain divisibility, 
the operations 902 and 903 are removed. 

[0154] Thus, in accordance with one aspect of the present invention, the decoding method takes into account: 

at least one predetermined polynomial, and 
50 - a received sequence /capable of being the result of the coding of a sequence of information symbols of polynomial 
representation u(x) representing a physical quantity, the coding including a turbocoding, and guaranteeing the 
divisibility of a sequence to be turbocoded, a(x) representing the sequence u(x), by each predetermined polynomial, 

and includes: 

55 

an operation of turbodecoding (601 , 901 ) the received sequence r into an estimated sequence a, 
- at least one operation of calculating the remainder (602, 606, 902, 906) of the division of the polynomial represen- 
tation i(x)oi the estimated sequence a, by a said predetermined polynomial. 
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[01 55] in accordance with another aspect of the present invention, the decoding method takes into account: 

at least one predetermined polynomial, and 

- a received sequence rcapable of being the result of the coding of a sequence of information symbols of polynomial 
representation u(x) representing a physical quantity, the coding including a turbocoding, and guaranteeing the 
divisibility of a sequence to be turbocoded, a (x) representing the sequence u(x), by each predetermined polynomial, 

and includes: 

- an operation of verifying the stability of turbodecoding (604, 904) of the received sequence r into an estimated 
sequence a, during which it is determined whether or not the turbodecoding is stable. 

[0156] As may be seen with reference to Figure 10, the general functional block diagram of a system using one of 
the algorithms described with reference to Figures 6 and 9 includes successively: 

a) on the transmitter side: 

the information source 110, 

- the acknowledgement processing protocol 1 002 (see operations 603, 903, 905 and 907), this protocol possibly 
including a procedure of retransmitting sequences for which no acknowledgement message is received from 
the receiving device, within a predetermined time, 

- the precoding 1 003 (see operation 503), 

- the turbocoding 1 004 (operations 505 to 509), 

- the transmission and reception 1005 on the noisy transmission channel, and 

b) on the receiver side, 

- the turbodecoding 1006 (see operations 601 or 901), 

- the detection or correction of errors (see operations 902 to 908 or respectively, 602 to 61 1 ), and 

when a detected error is not corrected (operations 603, 903, 905 and 907), no acknowledgement message is 
transmitted, in accordance with the protocol 1 002, and the received sequencer is rejected, operation 1 008, and 

- when either no error is detected (operation 908), or the detected errors are corrected (operation 608), trans- 
mission to the information destination 31 0 is performed, as well as transmission of an acknowledgement mes- 
sage in accordance with the protocol 1 002, to the coding device 1 01 . 

It should be noted that the use of an acknowledgement protocol dictates that the information destination has 
some means or other of transmitting this acknowledgement and that the information transmitter has a means of 
receiving this acknowledgement, the said means being well known to persons skilled in the art of transmissions. 

Claims 

1. Decoding method, characterised in that it takes into account: 

at least one predetermined polynomial, and 

a received sequence r capable of being the result of the coding of a sequence of information symbols of 
polynomial representation u(x) representing a physical quantity, the coding including a turbocoding, and guar- 
anteeing the divisibility of a sequence to be turbocoded, a(x) representing the sequence u(x)> by each prede- 
termined polynomial, 

and in that it includes: 

an operation of turbodecoding (601 , 901 ) the received sequence r into an estimated sequence a, 

- at least one operation of calculating the remainder (602, 606, 902, 906) of the division of the polynomial rep- 
resentation a(x) of the estimated sequence 3, by a said predetermined polynomial. 

2. Decoding method according to Claim 1, characterised in that, during an operation of calculating the remainder 
(602, 902) of the division of the polynomial representation of the estimated sequence a, the predetermined poly- 
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nomial is a divisor polynomial of a coder of the said turbocoder, a coder which acts on the sequence a(x). 

3. Decoding method according to Claim 2, characterised in that it includes an error detection operation (602, 603, 
902, 903) during which: 

5 

it is determined whether or not the remainder from the said division remainder calculation operation (602, 902) 
is null, and, 

where this remainder is not null, an error is detected (603, 903). 

10 4. Decoding method according to any one of Claims 1 to 3, characterised in that it includes: 

at least one operation of decoding (607) each result of a said division operation, using a possibly abbreviated 
binary cyclic code, and 

- an operation of multiplying (608) the sequence resulting from each decoding operation by the corresponding 
*5 predetermined polynomial. 

5. Decoding method according to any one of Claims 1 to 4, characterised in that it includes, when a said division 
remainder calculation operation (606) has no remainder, an operation of removing (611,612) binary data items of 
a final estimated sequence obtained from the estimated sequence §. 

20 

6. Decoding method according to Claims 4 and 5, characterised in that, during the said removal operation (611 , 612), 
a number of binary data items equal to the sum of the degree of the generator polynomial of the possibly abbreviated 
binary cyclic code and the degree of the smallest common multiple of the predetermined polynomials is taken away. 

25 7. Decoding method according to any one of Claims 1 to 6, characterised in that, during an operation of verifying the 
stability of turbodecoding (604, 904), it is determined whether or not the turbodecoding is stable. 

8. Decoding method according to any one of Claims 1 to 7, characterised in that, during the turbodecoding operation 
(601 , 901 ), use is made of at least one interleaver which maintains divisibility by a polynomial used during a division 

30 remainder calculation operation (602, 902). 

9. Decoding method according to Claim 8, characterised in that, during the turbodecoding operation (601 , 901 ), use 
is made of at least one interleaver defined by the polynomial relationship a*(x) = a(x°) modulo x n +1 t e being a 
power of 2 and n the formal degree of a(x). 

35 . 

10. Decoding method according to any one of Claims 1 to 9, characterised in that it includes an operation of correcting 
errors (607) in a sequence resulting from a said operation of division by a predetermined polynomial. 

11. Decoding method according to Claim 10, characterised in that it includes an operation of multiplying (608) each 
40 sequence resulting from an operation of correcting errors (607) in a sequence resulting from a said operation of 

calculating the remainder (606) of the division by a predetermined polynomial, by the said predetermined polyno- 
mial. 

12. Decoding method according to Claim 11 , characterised in that it also includes an operation of correcting errors in 
*s the sequence resulting from the turbodecoding operation (609, 610). 

1 3. Decoding method according to Claim 1 2, characterised in that it includes an operation of turbocoding (609) at least 
one sequence resulting from a multiplication operation and the sequence resulting from the operation of correcting 
errors in the sequence resulting from the turbodecoding operation, the said turbocoding operation using the tur- 

50 bocode corresponding to the turbodecoder. 

14. Decoding method according to Claim 13, characterised in that it includes an operation of comparing (610) each 
sequence resulting from the turbocoding operation with the received sequence, and selecting the sequence re- 
sulting from the turbocoding operation which is closest to the received sequence. 

55 

15. Decoding method according to any one of Claims 1 to 14, characterised in that, during division remainder calcu- 
lation operations (606), the remainders are calculated of the divisions of the turbodecoded sequence by all the 
polynomials of weight at most equal to 4 and which are divisors of the product of the divisor polynomial of the 
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turbodecoder and the polynomial of smallest degree A/Oof the form x N0 + 7, which is divisible by the divisor poly- 
nomial of the turbodecoder. 

16. Decoding method according to any one of Claims 1 to 14, characterised in that, during division remainder calcu- 
s lation operations (606), the remainders are calculated of divisions of the turbodecoded sequence by polynomials 

which are multiples of the divisor polynomial of the turbocoder whose weight is lower than a predetermined value, 
whose degree is lower than another predetermined value, and whose constant term is non-null. 

17. Decoding method according to any one of Claims 1 to 14, characterised in that, during division remainder calcu- 
10 lation operations (606, 906), remainders are calculated of the divisions of the turbocoded sequence by polynomials 

for which it has been determined that they divide polynomials representing frequent errors, and for which the result 
of the said division has a lower weight than the polynomial representing the error before division. 

18. Decoding method, characterised in that it takes into account: 

15 

at least one predetermined polynomial, and 
- a received sequence r capable of being the result of the coding of a sequence of information symbols of 
polynomial representation u(x) representing a physical quantity, the coding including a turbocoding, and guar- 
anteeing the divisibility of a sequence to be turbocoded, a(x) representing the sequence u(x), by each prede- 
20 termined polynomial, 

and in that it includes: 

an operation of verifying the stability of turbodecoding (604, 904) of the received sequence r into an estimated 
25 sequence a, during which it is determined whether or not the turbodecoding is stable. 

19. Method of coding a sequence of information symbols of polynomial representation u(x) t including: 

a turbocoding operation (505 to 508), and 
30 - an operation of transmitting (509), on a transmission channel, the sequence resulting from the turbocoding 

operation, 

characterised in that it also includes, as a preliminary to the said turbocoding operation, at least one preceding 
operation (503) during which there are added, to the said sequence u(x), redundant symbols which guarantee the 
3S divisibility of the precoded sequence by at least one predetermined polynomial which is: 

a non-trivial multiple of the divisor polynomial used by the coder of the said turbocoder, a coder which acts on 
the precoded sequence, and 

which is among the polynomials which have a high probability of dividing the polynomial representing a trans- 
40 mission error on the said channel. 

20. Coding method according to Claim 19, characterised in that it also includes an operation of adding (503) binary 
data items which guarantee the divisibility of the precoded sequence by a generator polynomial of a possibly 
abbreviated binary cyclic code. 

45 

21. Coding method according to either one of Claims 19 or 20, characterised in that, during the turbocoding operation 
(505 to 508), use is made of at least one interleaver which maintains divisibility by the divisor polynomial used by 
the coder of the turbocoder which acts on the precoded sequence. 

50 22. Coding method according to either one of Claims 1 9 or 20, characterised in that, during the turbocoding operation 
(505 to 508), use is made of at least one interleaver defined by the polynomial relationship a*(x) = a(x°) modulo 
x n +1 t e being a power of 2 and n being the formal degree of a(x). 

23. Coding method according to any one of Claims 19 to 22, characterised in that, during the precoding operation 
55 (503), there are added, to the said sequence u(x), redundant symbols which guarantee the divisibility of the pre- 

coded sequence by all the polynomials of weight at most equal to 4 and which are divisors of the product of the 
divisor polynomial of the turbodecoder and the polynomial of smallest degree NOoi the form x N0 + 1, which is 
divisible by the divisor polynomial of the turbodecoder. 
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24. Coding method according to any one of Claims 19 to 22, characterised in that, during the precoding operation 
(503), there are added, to the said sequence u(x), redundant symbols which guarantee the divisibility of the pre- 
coded sequence by predetermined polynomials which are multiples of the divisor polynomial of the turbocoder 
whose weight is lower than a predetermined value, whose degree is lower than another predetermined value and 

s whose constant term is non-null. 

25. Coding method according to any one of Claims 19 to 22, characterised in that, during the precoding operation 
(503), there are added, to the said sequence u(x), redundant symbols which guarantee the divisibility of the pre- 
coded sequence by polynomials for which it has been determined that they divide polynomials representing fre- 

10 quent errors on the said channel, and for which the result of the said division has a lower weight than the polynomial 

representing the error before division. 

26. Decoding device, characterised in that it has a processing means (300, 304, 305) adapted: 

15 N to take into account: 

- at least one predetermined polynomial, and 

a received sequence /capable of being the result of the coding of a sequence of information symbols of 
polynomial representation u(x) representing a physical quantity, the coding including a turbocoding, and 
20 guaranteeing the divisibility of a sequence to be turbocoded, a(x) representing the sequence u(x), by each 

predetermined polynomial, and 

B/ to turbodecode the received sequence r into an estimated sequence £, and 

C/ to calculate the remainder of the division of the polynomial representation a(x) of the estimated sequence 
2$ a, by each said predetermined polynomial. 

27. Decoding device according to Claim 26, characterised in that the processing means (300, 304, 305) is adapted 
so that the predetermined polynomial which divides the polynomial representation of the estimated sequence a is 
a divisor polynomial of a coder of the said turbocoding, a coder which acts on the sequence a(x). 

30 

28. Decoding device according to Claim 27, characterised in that it has an error detection means (300, 304, 305) 
adapted: 

to determine whether or not the remainder of the said division operation is null, and, 
35 - where this remainder is not null, to conclude that an error is detected. 

29. Decoding device according to any one of Claims 26 to 28, characterised in that the processing means (300, 304, 
305) is adapted to decode each result of a said division, using a possibly abbreviated binary cyclic code, and to 
multiply the sequence resulting from each decoding by the corresponding predetermined polynomial. 

40 

30. Decoding device according to any one of Claims 26 to 29, characterised in that the processing means (300, 304, 
305) is adapted, when the said division has no remainder, to take away binary data items of a final estimated 
sequence obtained from the estimated sequence a. 

*5 31. Decoding device according to Claims 29 and 30, characterised in that the processing means (300, 304, 305) is 
adapted to take away a number of binary data items equal to the sum of the degree of the generator polynomial 
of the possibly abbreviated binary cyclic code and the degree of the smallest common multiple of the predetermined 
polynomials. 

50 32. Decoding device according to any one of Claims 26 to 31 , characterised in that the processing means (300, 304, 
305) is adapted to determine whether or not the turbodecoding is stable. 

33. Decoding device according to any one of Claims 26 to 32, characterised in that the processing means (300, 304, 
305) is adapted, for turbodecoding, to make use of at least one interleaver which maintains divisibility by a divisor 

55 polynomial used during a said division. 

34. Decoding device according to Claim 33, characterised in that the processing means (300, 304, 305) is adapted, 
for turbodecoding, to make use of at least one interleaver defined by the polynomial relationship a*(x) = a{x?) 
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modulo x n + 1, e being a power of 2 and n the formal degree of a(x). 

35. Decoding device according to any one of Claims 26 to 34, characterised in that the processing means (300, 304, 
305) is adapted to perform an error correction of a sequence resulting from a said division by a predetermined 

s polynomial. 

36. Decoding device according to Claim 35, characterised in that the processing means (300, 304, 305) is adapted to 
multiply each sequence resulting from an error correction of a sequence resulting from a division by a predeter- 
mined polynomial, by the said predetermined polynomial. 

10 

37. Decoding device according to Claim 36, characterised in that the processing means (300, 304, 305) is adapted to 
correct the turbodecoded sequence. 

38. Decoding device according to Claim 37, characterised in that the processing means (300, 304, 305) is adapted to 
is turbocode at least one sequence resulting from a multiplication and the corrected sequence of the sequence re- 
sulting from the turbodecoding operation, the said turbocoding using the turbocode corresponding to the turbod- 
ecoder. 

39. Decoding device according to Claim 38, characterised in that the processing means (300, 304, 305) is adapted to 
20 compare each sequence resulting from the turbocoding with the received sequence and to select the sequence 

resulting from the turbocoding which is closest to the received sequence. 

40. Decoding device according to any one of Claims 26 to 39, characterised in that the processing means (300, 304, 
305) is adapted to divide the turbodecoded sequence by all the polynomials of weight at most equal to 4 and which 

25 are divisors of the product of the divisor polynomial of the turbodecoder and the polynomial of smallest degree NO 

of the form rf* 0 + 1 which is divisible by the divisor polynomial of the turbodecoder. 

41. Decoding device according to any one of Claims 26 to 39, characterised in that the processing means (300, 304, 
305) is adapted to divide the turbodecoded sequence by polynomials which are multiples of the divisor polynomial 

30 of the turbocoder whose weight is lower than a predetermined value, whose degree is lower than another prede- 

termined value and whose constant term is non-null. 

42. Decoding device according to any one of Claims 26 to 39, characterised in that the processing means (300, 304, 
305) is adapted to divide the turbocoded sequence by polynomials of which it has been determined that they divide 

35 polynomials representing frequent errors, and for which the result of the said division has a lower weight than the 

polynomial representing the error before division. 

43. Decoding device, characterised in that it has a processing means (300, 304, 305) adapted: 
*o N to take into account: 

at least one predetermined polynomial, and 

a received sequence r capable of being the result of the coding of a sequence of information symbols of 
polynomial representation u(x) representing a physical quantity, the coding including a turbocoding, and 
45 guaranteeing the divisibility of a sequence to be turbocoded, a (x) representing the sequence u(x) y by each 

predetermined polynomial, and 

B/ to turbodecode the received sequence /into an estimated sequence a, and 
01 to determine whether or not the turbodecoding is stable. 

so 

44. Device for coding a sequence of information symbols of polynomial representation u(x), having: 

a processing means (100, 104, 105) adapted to turbocode, and 

a means of transmitting (106), on a transmission channel, the sequence resulting from the turbocoding, 

55 

characterised in that the processing means is adapted, as a preliminary to the turbocoding, to precode the 
said sequence u(x), adding redundant symbols thereto which guarantee the divisibility of the precoded sequence 
by at least one predetermined polynomial which is: 
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a non-trivial multiple of the divisor polynomial used by the coder of the said turbocoder, a coder which acts on 
the precoded sequence, and 

which is among the polynomials which have a high probability of dividing the polynomial representing a trans- 
mission error on the said channel. 

5 

45. Coding device according to Claim 44, characterised in that the processing means (100, 104, 105) is also adapted 
to add binary data items which guarantee the divisibility of the precoded sequence by a generator polynomial of 
a possibly abbreviated binary cyclic code. 

10 46. Coding device according to either one of Claims 44 or 45, characterised in that the processing means (100, 104, 
105) is adapted, for turbocoding, to make use of at least one interleaver which maintains divisibility by the divisor 
polynomial used by the coder of the turbocoder which acts on the precoded sequence. 

47. Coding device according to either one of Claims 44 or 45, characterised in that the processing means (100, 104, 
*5 105) is adapted, for turbocoding, to make use of at least one interleaver defined by the polynomial relationship a* 

(x) = a(x*) modulo 7, e being a power of 2 and n being the formal degree of a(x). 

48. Coding device according to any one of Claims 44 to 47, characterised in that the processing means (100, 104, 
105) is adapted, for precoding, to add, to the said sequence u(x) % redundant symbols which guarantee the divisibility 
of the precoded sequence by all the polynomials of weight at most equal to 4 and which are divisors of the product 
of the divisor polynomial of the turbodecoder and the polynomial of smallest degree NO of the form + 1, which 
is divisible by the divisor polynomial of the turbodecoder. 

Coding device according to any one of Claims 44 to 47, characterised in that the processing means (100, 104, 
1 05) is adapted, for precoding, to add, to the said sequence u(x), redundant symbols which guarantee the divisibility 
of the precoded sequence by predetermined polynomials which are multiples of the divisor polynomial of the tur- 
bocoder whose weight is lower than a predetermined value, whose degree is lower than another predetermined 
value and whose constant term is non-null. 

30 50. Coding device according to any one of Claims 44 to 47, characterised in that the processing means (100, 104, 
1 05) is adapted, for precoding, to add, to the said sequence u(x), redundant symbols which guarantee the divisibility 
of the precoded sequence by polynomials of which it has been determined that they divide polynomials representing 
frequent errors on the said channel, and for which the result of the said division has a lower weight than the 
polynomial representing the error before division. 

35 

51. Device for receiving transmitted data having a receiver adapted to use a packet transmission protocol, which has 
a decoding device according to any one of Claims 26 to 43. 

52. Device for receiving transmitted data having a receiver adapted to use the ATM ("Asynchronous Transfer Mode") 
^o packet transmission protocol, which has a decoding device according to any one of Claims 26 to 43. 

53. Device for receiving transmitted data having a receiver adapted to use a packet transmission protocol, on an 
ETHERNET (registered trade mark) type network, which has a decoding device according to any one of Claims 
26 to 43. 

45 

54. Device for receiving transmitted data having a receiver for signals transmitted on a wireless channel, which has a 
decoding device according to any one of Claims 26 to 43. 

55. Data transmission device having a transmitter adapted to use a packet transmission protocol, which has a coding 
50 device according to any one of Claims 44 to 50. 

56. Data transmission device having a transmitter adapted to use the ATM ("Asynchronous Transfer Mode") packet 
transmission protocol, which has a coding device according to any one of Claims 44 to 50. 

55 57. Data transmission device having a transmitter adapted to use a packet transmission protocol, on an ETHERNET 
(registered trade mark) type network, which has a coding device according to any one of Claims 44 to 50. 

58. Device for transmitting data of any type including notably speech, image or multimedia type data, having a trans- 
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mitter of signals transmitted on a wireless channel, which has a coding device according to any one of Claims 44 
to 50. 



59. Network station, which has a device according to any one of Claims 26 to 50. 

60. Information storage device readable by a computer or a microprocessor storing instructions of a computer program, 
characterized in that it allows the implementation of a decoding method according to any one of Claims 1 to 18 
and/or a coding method according to any one of Claims 19 to 25. 

61. Information storage device according to Claim 60, characterized in that it is partially or totally removable. 



EP 1 017 176 A1 



INFORMATION 
SOURCE 



V 




TRANSMITTER 



106 



SCREEN 



109 



110 



KEYBOARD 



111 



100 



cu 



102 



103 



C 



INPUT/ 
OUTPUT 
PORTS 



ROM 


Program 


Interleaver 


g 


degrees 




hi 


M 


A'«. 


m,,m 3 ,m s ,m 7 


P 



n 

104 



RAM 



Primary _ data 



Permuted data 



Nojjfjlatujtems 



105 



Fig. 1 1 



EP 1 017 176 A1 




Fig. 2 



401 i 

402 

403 ^ V J 



407 



Interleaver 17 



Decoder 1 



Interleaver 17 



404 



Decoder 2 



405 



406 



410 



Interleaver 77 



Fig. 4 



408 (~ 
409 



4 



EP1 017176 A1 



INFORMATION 
DESTINATION 



310 



31 



KEYBOARD 



A 




RECEIVER 



306 



SCREEN 



309 




302 



303 



c 



INPUT/ 
OUTPUT 
PORTS 



ROM 


Program 


Interleaver 


g 


degrees 




h 2 


M 




/7Jy,mj,Wj,»J 7 


P, 



n 

304 



RAM 



Received data 



a. d ? a,, a, b> /, 



305 



V 

Fig. 3 301 



EP 1 017 176 A1 



Start ; 
Noofdatajtems = 0 



500 



Reception of 
binary data; 
Nojyfjlatajtems = 
No of data jtems + 1 



502 



No of data items = 
M.m-dl 



503 



505 



506 



507 



508 



509 



YES 






r 


Determination of a 


y 


f 


Division of a 







1 



Determination of a* 



Division of a* 



Determination of h andc 



Transmission of a, b and c 
No of data items = 0 



t 



Fig. 5 



EP 1 017 176 A1 






603 




v 


No 


Uncorrectable 


> ► 


error 




detected 




605 







Selection of the ai 
= a I p t 



607 



608 



609 



610 



611 



612 



polyn^ni 



ials 



BCH decoding of the a, into 6, 

1 



a fx) = hfx)pfx) 



Selection of the 
most likely t i 



Extraction of a 



Extraction of u 




Error 
detected 



Fig. 6 



EP 1 017 176 A1 




EP 1 017 176 A1 




EP 1 017 176 A1 



901 




Fig. 9 



EP 1 017 176 A1 



110 

Information 
source 



1002 




1003 




1004 






v 






Acknowledgement 




precoding 


-► 


Turbo 


protocol 








coding 



310 



Information 
destination 



Rejection 



\ Acknowledgement ' 1005 



1007 



1006 



With no 
resulting 



error 



Resulting 



error 



Detection/ 
correction 
of errors 



1008 




Fig. 10 



EP 1 017 176 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 40 3214 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation o> document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnLCL7) 



Y 
A 



D,A 



EP 0 571 019 A (KONINKL PHILIPS 
ELECTRONICS NV) 
24 November 1993 (1993-11-24) 
* the whole document * 



BERROU C ET AL: "LES TURBO-CODES: UNE 

NOUVELLES APPROCHE DU CODAGE" 

REE: REVUE GENERALE DE L'ELECTRICITE ET DE 

L'ELECTRONIQUE, 

no. 1, 1 January 1997 (1997-01-01), pages 
68-74, XP000686462 
ISSN: 1265-6534 

* the whole document * 

KOORA K ET AL: "INTERLEAVER DESIGN FOR 
TURBO CODES WITH SELECTED INPUTS" 
ELECTRONICS LETTERS, 

vol. 34, no. 7, 2 April 1998 (1998-04-02), 
page 651/652 XP000781379 
ISSN: 0013-5194 

* the whole document * 

BERROU C ET AL: "NEAR OPTIMUM ERROR 
CORRECTING CODING AND DECODING: 
TURBO-CODES" 

IEEE TRANSACTIONS ON COMMUNICATIONS, 
vol. 44, no. 10, 

1 October 1996 (1996-10-01), pages 
1261-1271, XPO00629465 
ISSN: 0090-6778 

WO 96 24098 A (PHILIPS ELECTRONICS NV 
; PHI LIPS NORDEN AB (SE)) 
8 August 1996 (1996-08-08) 



1-4,10, 
11,26-29| 

18,19, 
43,44, 
60,61 

1-4,10, 
11,26-29 



H03M13/00 

H03M13/29 

H03M13/27 

H04L1/O0 

G11B20/18 



1,4 



TECHNICAL FIELDS 
SEARCHED (lnt.Ci.7) 



H03M 
H04L 
G11B 



The present search report has been drawn up for all claims 



Race d search 

THE HAGUE 



Dale of corrpiehon d the search 

17 April 2000 



Eiamtner 

Devergranne, C 



CATEGORY OF CITED DOCUMENTS 

X : parttcula/iy relevant i taken alone 

Y : particularly relevant i combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory orprincple underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document Died for other reasons 

& : member of the same patent f amity, corresponding 
document 



EP 1 017 176 A1 



4 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 40 3214 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION {lnt.CI.7) 



P,X 



US 5 381 423 A (TURCO ERMANNO) 
10 January 1995 (1995-01-10) 

EP 0 928 071 A (CANON KK) 
7 July 1999 (1999-07-07) 

* the whole document * 



1-4, 

9-13, 

26-29 



TECHNICAL FIELDS 
SEARCHED {lnt.CI.7) 



The present search report has been drawn up for all claims 



Place at search 



THE HAGUE 



Dale o( completion of the search 

17 April 2600 



Examiner 

Devergranne, C 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the tiling date 
D : document cited in the application 
L : document cried for other reasons 

& : member of the same patent family, oorresponctng 
document 



EP 1 017 176 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 40 3214 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

17-04-2000 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




memherfs^ 


date 


EP 0571019 


A 


24-11-1993 


DE 


69327683 0 


02-03-2000 








JP 


6061872 A 


04-03-1994 








US 


5539755 A 


23-07-1996 


WO 9624098 


A 


08-08-1996 


AU 


706801 B 


24-06-1999 








AU 


4398696 A 


21-08-1996 








BR 


9603962 A 


07-10-1997 








CN 


1147883 A 


16-04-1997 








EP 


0760182 A 


05-03-1997 








EP 


0754320 A 


22-01-1997 








WO 


9624196 A 


08-08-1996 








JP 


9511377 T 


11-11-1997 








JP 


9511606 T 


18-11-1997 








US 


5737252 A 


07-04-1998 








US 


5799033 A 


25-08-1998 


US 5381423 


A 


10-01-1995 


DE 


69004801 D 


05-01-1994 








* 0E 


69004801 T 


16-06-1994 








WO 


9101598 A 


07-02-1991 








EP 


0484412 A 


13-05-1992 


EP 0928071 


A 


07-07-1999 


FR 


2773287 A 


02-07-1999 








CN 


1232323 A 


20-10-1999 








JP 


11298339 A 


29-10-1999 



2 




o 

u For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



